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PKOOUCTIOMOF 



human iMmwEmm 



$ The present indention relates 

binding glyeos>roieins< More spedfk&% 5 tfeg 
the recombinant production of hum 



to the 0eH of iron- 
to 



1<LF) is a men mmfw. 
10 of iron-binding monomarie glycoproteins. It vm originally discovered in 
milk where it ean reach levels of 1 grams/liter in colostrum. LP ! 



and also in tfee secondary granules of 



15 LF is a 78 kDa g 

a high degree of homology between the C and N terminal halves which is 
evident at both the amino acid and three dimensional structural level 
Each of these lobes can re visibly bind one ferric iron with high affinity 
and with the coBoomitantbMdhagnf Mearbonate, The biological functions 

20 proposed for lactofernn include protection against microbial infection, 
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promotion of cell growth, 
j of inSammatory responses, 
s fungi have been successfully employed as hosts 
in the industrial production of esfeaesitolsr glympmikitm. Certain 
industrial strains are capable of secreting grain quantities of these 
proteins, In addition, fdamentous fungi are able to eorrer-tly perform post- 
faranslational jaodMcaMoeag of eoe&ryotk proteins and many strains fam 
11 M Food and Drug Administration approval, Fur&eraor*, large scale 

-bid. 

Currently, there is no eMeient and economical way to 
produce human LR Consequently, a long felt need and description in this 
art wouM he met by the development of as. efficient method for the 
of human lactoferrm for 




d euearyottc celt which includes a r 
* <*fl is selected from a group of filamentous? fungi comprising 
Aspergillus, The plastnid contains a plasmid vector into which a 
polydeo^ibouuckotide segment coding for "human kctoferrot protein has 



In yet another -embodiment of the present invention, there 
is provide < for producing recombinant hnman lactoferrin which 

transfermant eucaryotic ceO f which includes a 
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; of the present invention, 
a vector. Tisli vector comprises 
S an assembly of {.1} a genetic element or 
3 having a regulator mte in gene expression; (2) cBNA coding for 
n; (35 appropriate transcription and translation initiation 
t sequences; aod (4) a genetic element for selection of 
s that have been transformed •with, fee vector. 
In still yet another embodiment of the present Invention, 
there Is provided a method for producing biologically active t 
lactoferrm. The method comprises synthesklng g 
selectable marker gene f a promoter, a transcription termination s 
and a linker sequence; cloning the sequences to form a plasmid; < 
the ptesmid vtiih a restriction tufa 





the ph 



s of the invention, as well as others which will, 
are obtained and can be understood in detail, more 
particnkrd^cripyonaofthe intention briefly eummark-ed above maybe 

the ^>p&nd^ drawings, These drawings form a part of this specification. 
It 1, to be noted, however, that the appended drawings illustrate preferred 
embodiments of the invention and therefore not to be considered limiting 
of&wop* The invention may admit to othereqiniOy effective equivalent 



Fig. 1 depicts a schematic representation of the mpergilhm 

aspergiUus oryzae strains, 
control &01 

Fig 4 show* the silver stained SDS»aoryiimMe gel analysis 
of recombinant LF secretion ami purification. 

Fi^SMusirateihecfc^^ 

LF. 

Fig, 6 deplete the cDSTA sequence for human ketoferan, 



BlFMlTIONg 




ofthelactofemacONA, 

For purposes of toe present application, the term 
"multiple doximg m«tte* means a BNA fragment coatmmag restriction 
ensyme cleavage sites 'far a variety of erusymes allowing Insertion of a 
varkty of eDMAs, 
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For the looses of the present application, the term 

cans uptake of pl&smid by a relevant eucaryoiic celt 
for the purposes of the present application, the term "iron 
binding capacity means ability to hind *F e , Fully functional laetoferrin 
can bind two atoms of iron per molecule of LF. 

For the purposes of the present application, the term 
1! biologiea! actHdiy/hioiogieal active" means biological activity of 
laeatoferrin as measured by its ability to bind iron, The iacioferrm 
pvGt&m functions as an iroo transfer protein and must bind iron to be 
biologically active. 

All literature references cited is this spedfieation are hereby 
expressly mcorporatsd by reference. 

The following examples are given for the purposes of 



The pyrG mutant strain used in tfn 
(AO? 11488), The pyrG gene front A t 



out by a modification of the procedure of Osmani, efc ai s J, Cell Biol 
104:1495-1504 (1087). Conidia aXlOymJ) were inoculated into 50 ml of 
YG medium (0.5% yeast extract 2% glucose) containing 5 mM uracil and 
10 mM uridine. Growth was at 82* C for .14-18 hours until a germ tube 
was visible. The germinated conidia were harvested by eentriiugaiion and 
resuspended in 40 ml of lytic m.k containing 0.4 M ammonium sulphate, 
80 mM potassium citrate (pH 0,0), 0.5% yeast extract, 0. 12 g novosyme, 
Q,lg Briseiase, 100 pi ^lueproMdass, 0 J% sucrose and 10 mM MgSO,. 
Protoplasting was for 1-B hours at 32*0 and ISO rpim Following 
protoplasting, filtration using sterile mlracloth was seeeasaxy to remove 



and SO mi potassium citrate (pH 8,0} at 4*0, responded m 1 ml of 0.6 
M KC1; 50 asM CaCI; 10 mM Tris-HCl (pE! 7,S) and placed on Ice. The. 
S transformation was performed imme^tel^ following the protoplast 
preparation. AMquois C100 of the protoplas j ig of DNA 

and 50 pi of 40% palyofejfena glycol (PEG ) 6000, 50 mM O&OL, 0.8 M KOI 
and .10 mM Tris-HCKpH 7.$), The samples were incubated on ice for 
fifteen minutes after which an additional I ml of the PEG solution was 
10 added and manb&Mom at room temperature was continued for tbh% 
minutes, Aliquots of this mixture were plated in 3 mh of 0,7% mimmai 
media, supplemented with 0.4% ammonium sulphate onto plates 
containing the same but soiidMed with 2% agar. All subsequent growth 

was at as*a 
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shown in Fig, 1, The complete eDMA encoding hxmm LF was repaired 
using the KJenow fragment of DMA polymerase I and subeioned into AccI 
20 digested and repaid pOBM4 to generate pGSMhLPe, in order to remove 
the LF signal sequence and generate a 5* end in frame with, the «*amykse 

WW ends was obtained^ polpnerase chain reaction (FOE) 
ampliation of pSEMhLFe plasmid DNA, The oligo primes* used were 
25 as follows; the 5 ! end oligonucleotide as shown in S.EQ, ID, No. 1: 

(CTGSGTCGACGTAGOACxAAGGAGTGTTGAGTGCrTGC) 



and the W end 



mSEQ.rD. Ko, 2: 
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(GCCGTAGACTTCCGCOGCTACAGQ). 



This FCR fragment was digested with HindXI and Aecl and ws aubckmed 
into Hind 11/AccI digested pGEMhLFO generating pGEMhLF, A 681 base 
pair a-ainytese fragment with Asp71g/Pvull ends encoding the promote, 
signal sequence and the alanine residue from the start of the mature «• 
amylase II gem, was obtained by PCE amplication of A orysxte genomic 
DMA, The oligo primers were as follows: the 5*end oligonucleotide as 
shown in SEQ. ID. Ho, 3: 

CGAGGTACGGA<\TTCATGGTGTTTIGATCATTTTAMTTTTTATAT) 
and the 3'«nd oligonucleotide as shown in SEQ. ID. No, « 
(AGOAGCTGCAGGCAAAGOAGGTGCXXifCGACCTGA^lGGCCGTACAG}. 

The amplified DNA was digested with AspTl.8 and FvuH and e 
into Aspf lS/Hindll digested pGEMhLF. The 
(pGEMAhLF) was digested with BeoR! and the resulting 2.8 kb «. 

of generating pAhLF*. Synthetic 

of iactofcrrin <nt iuSS - SXSS) mieaing in pAKLF* and also to provide the 
first ISO bp of W untranslated sequences from the A. oiger ghicoamyb-..- 
gene. The resulting piasxnid { pAhLFG ) was used to transform the A 
oryzae pyrQ mutant strain. 

With re!. * . >«e to FIGURE h Aspergillus otyme expression 
plasnmi pAhLFG coo; ' * 6S1 bp of S*-ilankmg sequence of the A orezxc 
AMYH gene which includes the signal sequence and firsv :odon of mature 
aj-smylasa. The cDNA coding for mature human kctofteln is subeloned 

s allowing - 
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production by %hz addition of starch to the growth madltxm. The 
Aspergillus mg»r glwoamylase S* isntrausj&ted region provides the 
r and 3 ^-ud also 

j Meurospora erasss |>y.r4 e ■ ) ct bl< r ; feer and an ampieifiin 



The phs-trdd construct CpAhLFG) used for expression of 
human LF contains & 681 bp fragtseat that encodes the promoter and 
secretory signal peptide of the A oryzem s-amyteae If gene CAMY1X), Tha 
signal sequence also contains the eodon for alanine from the start of the 
s-amylase mature protein generating: the signal sequence cleavage site 
(Leu Aia Ala) recognisable % an endogenaae ^aroykse peptidase, A 
human lactoferm cDNA fragment encoding the mature protein was 
subdoned in frame immediately downstream from the &MJB. sequences, 
placing it under the control of this highly efficient stsrch inducible 
promoter. In order to etaMIka the transcribed immm LF bjENA, a ISO 
bpltegmnntencodingtheS^ 





A oryme DMA was isolated from 200 mg of lyophlliged 
myeelia as described by Ratasseo, et at, J. Biol Ctem. t 265;13767-13775 
(WO), The DNA was digested with EcoRT, arse fractionated on a 0.8%. 
agarose gel and transferred to nitrocellulose, FrehybridfeaMon and 
hybridisation of the nitrocellulose Mter for Southern mm^m were 
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performed In 6XSSC, 0.1% SDS and 0.5% drkd mlk at 65*0 for 16 hours. 
Hybridization solution contained 1 x 10 7 cpm ^P-iabalted iactoferrin cDNA 
probe <2,l Kb), The filter was washed in 2XSSC. 0.5% SDS at mom 
temperature for SO minutes followed by two washes in Oil SSC, 0.5% 
5 SDS at 88° C for SO minutes. The filter wis dried, exposed at -70*0 for 
two hours and developed by autoradiography. 

With reference to HOURS 2, Southern blot analysis was 
performed on transformed Aspergillus arym$ strains. Genomic BRA. from 
individual tranafhmanta and control AO? were hybridised with a 
10 radiolabeled hLF cDNA probe (Zl kb), The arrow points to a 
radiolabeled fragment (2.8 kb) generated upon EeoEl digestion of the 
expression plasmid which is present in all the tasibrmants {#1.0} but 
is absent In control nntraneformed AD?,. 

uiif 




Total RNA (20 p,& was 
e gel containing £2 M formaldehyde. The 
RNA was transferred to .nitrocellulose and hybridised with either a 21 kb 
lactoferrin eDMA or a 1J kb genomic a-amytese fragment corresponding 
to fee coding region of fee *-amyiase 11 gene. The probes were 
labelled by nick translation {specific activity 2 X 10* epm/ng). 
Hybridization was earned out 2 x SSC. .05* dried nnik at 65* C over an 
ice with 2 x 10 s cpm probe/ml. 

Washes were identical to those employed In the Southern 
analysis. The filters were dried, exposed at ~?0*C for two hours and 
developed by autoradiography RNA dot blots were performed using 

. Hybridization 
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5 as described above for Southern j 
EadioaeMvity was qnsnMteted using % hetagen Mot answer. 

Reeonihhiani products of lactofsrrin protein has been 
described la its preferred embodiment However, it- mvM also be produced 
in a number of other sources such as fungal sources such as 
mx&BXQm$im eerevisiae or plehia pastorals or Insect cells such as 8F9, 
With reference to TOUBE 3, RKA analysis of kaneformant 
versus control. AO? was performed. In Panel A, Northern aaafysis of RNA 
(20 p.g) from control AO? and iransforniant #1 hybridised with 
radiolabeled human LF eDMA. Hnman LF mEHA (2,B kb) was detected 
in the fcrsasformaat #1 but not in the control ^transformed AO?, Toe 
positions of the 28s and ISs rEMA bands are Indicated on the left. In 
Penal B s Dot Mote of SNA <5 and 10 fig) from control AO? mmm 

Panel €, Dot Mote of Wk (S and Bpg fomi control AO? and 




correctly and efficiently in A oryme under the 
of oar expression plasmid Spores (J.xlO s /ni!) 



% 1.5% glucose as carbon i 
t at 30*C for 48 honrs in small shake flask cultures. The 
5re washed and reinoeutated Into Jnngal medium containing 3% 
starch to induce transcription of the hnman LF mENA. After 24 hours, 
the cells were harvested and RHA was isolated. Total ENA (20 jig) was 
ske fractionated, on a W% agarose gel containing 2,2 M formaldehyde and 
blotted on nitrocellulose. 

Haraan ketoferrm mRNA was detected using 8 ¥ labelled 
human LF cBHA (2,0 kb) probe. Hybridisation with human LF 
radMaheiM cDNA probe detected a specific radiolabeled band at the 
i mERA <2.Skb> In the transform^ but not in 



wo n/mm 



-li- 
the control unUam&rmml «™ {Fig. SA), QoimMtefcion of mRNA levels 
by dot assay showed separable ImeM M ^reBman of endogenous «- 
amylase rRNA between eesfcroi AD7 and tasforraant #1 (Fig. 8B). In 
addition, similar levels of esppession of wzmykss and human LP mBNA 
were seen In transrormant #1 (FigJB end 80), 



LF was purified from the growth medium using CM 
Sephad.es: C50 essentially as deserihed by Steweli, et &L, Bioehem e/.> 

10 2?6i349-50 (.1901). The mhxmn was preequillhratsd with 600 ml of 0,026 
M Tris HO, pH 7JO IM NaCl. The pH of the eulture medium was 
adjusted to pH 7,4 before applying to the preequilibrated eoinmn. The 
mhmm was washed with 600 ml of equiEhmtion buffer and followed by 
a linear salt gradient from 04 to 14 M N&C1. Fractions (7 ml total) were 

16 assayed for Saetofetrm content and imrity using SDS/FAGE and silver 
■taking, Fractions containing LF were dialled against 0.025 M Tris HC3L 
pH 7JMQ,m NaCl and iyopbiiked. 




83(1085). A 
competitive 



mg an BLMA 

d«serihed i>y¥j$Ja at a!,, J, Immunol Methods, 76i?S- 
of 5 ng of lactoferrio was obtained using tba non- 
. Hitman LF Isolated from breast milk 
Biotmylated human lactofemn IgG was 
West Grove, PA, 
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F iv» |4g- of ptirMed recombi - m LF was resoled on 
an SDS-polyaerylamida gel and transferred to Prohlott a polwrnylidene 
dmnride-tgrpe membrane, following manufacturers infractions (Applied 
Blosystama). Human LF was detested with Cemasste Brilliant Blt^ 
siaining and detained. This human LF band was ex 
thoroughly with distilled ILO and aNsisd, The N-terasitud i 
sequence of the first ten amino acids of human LF was determined by the 



Ptils@d4lq.uid phase sequencer (Model 411 A). 

With reference to FIGURE 4, panel A 1 
of tm 



I osteins breast milk foum LF 
3 (500 ng). Laues 2 ami 8 contain samples of the growth medium 
(40 pg) from induced control A07 and transform*** #i respectively, 
i 4-8 contain 100 sdaEquote of eluied fractions (#25, 30, 85, 40, and 





i oft 
sCBssEsBadls 
5 are given in Mledatens, Panel B 
immunoblof analysis of duplicate samples as 
1 A using: a specific polyclonal antibody directed against 
human LF with detection with m I-protein A, Panel C illustrates #6 N* 
tanmaal amino acid sequence of recombinant human LF, Recombinant 
human LF was sequenced from the M-terminus through 10 residues and 
is Identical to breast milk human LF with the exception of the additional 
alanine generated in our construction to provide the < 
sequence cleavage site. 
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Beglyeosyktion was performed using N-glysoskiase F 
(Boehringer Mannheim). A vryme growth medium containing 0.5 jig 
lactoferrin was denatured lor 3 minutes at 100* C in the presence of 0,01% 
SDS, Standard W from tinman milk was treated similarly. Tit® samples 
were etihsequcmly pkeed on ice for Sve mlmn.es. N-glyeoaidase F 
reactions were conducted in 0.4 M sodium phosphate, fpH 8.8}; 0.08% 
Triton? 0,1% p-mereaploefchanol and 1 unit of emsyme and Ineufa&ied at 
3?* C for sixteen hours. PAGE and v 
an IgG specifically directed against h 
in mobility of digested m&plm 

With reference to FIGURE 5, recombinant human LF was 

3 Of | 




binding capacity. Panel A and B show the *F e filter binding assay of 
duplicate samples of authentic breast milk human LF and purified 
recombinant human LF, respective^ at the concentrations indicated. The 
first iane in both panels contain BSA (5 pg) as a negative control. 

Lactofemin contains two N«acetyliactamke type gleans 
attached through N-glyeoeMic liakages. To determine if recombinant 
lactoferrio was glycosylated correctly the protein was treated with N~ 
i^eosidaseF*^ 

to nitrocellulose and probed using a specific IgG directed against human 
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laetoferrin (Fig- 5A). M-glycosidase F h$&vtym. at the giyeosylamlne 
linkage generating a carbohydrate free peptide of smaller moleeukt 
weight. Comparison of recombinant LF with purified LF from human 
milk, illustrates that bath proteins co-migrate upon digestion with N- 
glycosldase F sag^stiag that mmmhmmt protein has a glyeosyktlon 
pattern similar to native LF 

. L&etoferrln has a bilobal structure with each lobe having the 
capacity to hind tightly hut reversibb/, one Fe s * ion. The iron-hmding 
properties of laeloferrm are cmtM for its fmietknal roles. To tost If 
i LF expressed mid secreted in A t 

ur to authentic laetoferrin, am : 




M was treated similar^ Excesses {OJ mOi) was added to 

SO minutes. Samples were appl ied to MtroceHulose maimm a 




The filter was visualized by 
Lag a betagon Mot 

As iOustrated m Fig. SB, both recombinant and native LF 
similar teml of iron Mading at all eoaeentetfbns tested. The 
ethatreeonibmantlmmao LF is indlstmgiiishable from 
i LF In Its eapas% to bind iron. 
With reference to Figure 8, the complete cDHA sequence for 
human laetoferrin protein Is depleted. The eDNA coding for laetoferrin 
is used to create pisamMa and transform eucatyotk ceils and to produce 
the laetoferrin protein, 

Strains of aspergdlns used in the present Invention are 
auxotrophic .mutants that contain a defects e nn- 4 gene that results in an 
inability to synthesis oroMdine 5* phosphate COM?) decarboxylase. The 
* rasyxne is n quired for undine ^ncbesls The s r<* u cannot prow on 
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s a selectable marker, is,., a 
j the gene for OMP decarboxylase. Uptake of the 
1 by the aspergiHos can therefore be selected for by growth on 
media kcMng aridimi. Th» aspergilks is transformed by the piasmfd such 
that it can grow on fee uridine deficient media. 

In one embodiment of the present invention, biologically 
active reeDmblimnt laetoferrin protein is produced. This method 
comprises synthesizing sequences containing & selectable marker gene, a 
promoter, a transcription termination sequence and a linker sequence. 
Subsequently, the sequences are cloned to form a plasmid and the plasmid 
is digested with a restriction endonuclease, A cDNA coding for lactofemn 
is inserted into a restriction site and eneatyotie cells are then transformed 
with the plasmid expressing the lactofemn eBMA. 

present invention may he any that permits isolate of e 
with a lactofemn cDMA p 
is selected from pyr4, pyrG, argB, trpO and andE 

* useful in the present indention may be any 
of the transcription of the laetoferrin cDNA, 
is selected from the group of alcohol 
argB, s-amylase and gkeoaniylase. 
The transcription termination sequence useful in the present 
method may be any that allows stabilisation of the iactoferrin xaBNA. 




The linker sequence useful in the present method maybe any 
that contains a translation initiation codon, a secretory signal and a 
restriction emsytne cleavage site, Preferably, the linker element is derived 
from e>amyi d ■ m§ se or Iactoferrin, 

The eucaryotie cells useful in the present invention are any 
that allow for integration of a plasmid comprising the Iactoferrin cDNA 
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x eBNA. Preferably, the ®u«axyotte cells 
Insect eehs siiclj ^ SFt are weM In the 
C the present invention. More preferably, the fungal cells are 
s, Most preferably, the eaearyotie cells useful in the present 
are aspergiifcts strains, such as A. ciyztus, A. Niger, A, Nidulam 
end A. Awammi, 

lis concision, it is seen tha: 1 r ion aud the 

embodiments disclosed herein are well adapted to carry oat the objectives 
and obtain the end set forth in ibis application. Certain changes can be 
made in the method and apparatus without parting from the spirit and 
scope of this invention. It is realised that changes are possible and that 
it is further Intended that each element or step presided in any of the 
tiling claims is to be t&dasrsfood as to referring to all equivalent elements 

the same or equivalent manner. It is i 
broadly In whatever form its principles may be i 



d f as well m others 



the ends aad 




mat is claimed Is: 
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t A method for producing biologically aetive re^mhinani lactofemn 
comprising the steps of; 

combining sequence containing a selectable marker gene, a 
promoter, a transcription termination sequence, and a linker sequence; 
cloning said sequences to form a pksmM; 
digesting said piasmid with a restriction endonocle&se; 
fosertmg a eDMA ceding for iaeteferrin into a restriction site; 

and 

transforming eucaryotic eeiis with said plmmid expressing 
laeioferrin cDNA, 



& The method of Claim 1, wherein said selectable marker gene k 
group consisting of p^4 > P yrG f andS, argB and tepCL 

B. The method of Claim 1, wherein said sell express 

4 Lactofemn produced by the method of Claim 2. 



§. The method of Claim 1, wherein said, promoter is 
fee gronp consisting of alcohol dehydrogenase, argB, e~amyia 



6. The method of Claim 1, wherein said transcription t 
sequence is selected from the gronp consisting of ^-amylase, giucoamylase, alcohol 
t im and hgnA, 



7. The method of Claim- i, wherein said linker sequence is selected 
from &e group consisting of « amylase, gkicoamykae and lactofemn 



WO 93/22348 



{ i i < 



48. 

8. Ai 

i m cBMA of Figure S and the ysgplatorf * 
a of iU cDNA in the macaryotic ML 

j-psAhLFG. 



10. A eucaryotm sell Naming the plasmid of CMra 8, 

11. The eacayatfc eeU of Ota 10, wlxereia said ©aortic eel js 
selected from the group eotmsfeg of fungi and imzci mlU 

12. The suearyoMe eel of Claim 11, wteis said msecfc m® w SF9 . 




15. Thsewca 
fe selected from the group < 



1 14 wteems&M sfcraia of 
r of A. oryme, A tffeer, A, Nidulam 



18. A 
treiisfonaaait eocaryotic cell 
comprising a piasmid vector 



and, isola i etoferrin. 



1:7, i* * 

yafCUa 



a transcriptional unit 
bavtag a regulatory role 
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in gene expression; (2) cDMA coding for fcnman ketoferrm; and (3) appropriate 
transcription and translation initiate and terminate sequences, 

18. The vector of Qasm 17, wherein said genetic element is a 

promote 

19, The vector of Claim 18, wherein said promoter is selected from 
the gronp consisting of alcohol deh^rogenase, argB, mo**** glmo&mjl^ and 

20v The vector of Claim 17, wherein said transcription termination 
sequence w selected from the group consisting of ^amylase, gkocoamylase, alcohol 



21 The protein product of Claim 18. 
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A, 

Std. IF Rsc, LF 

N-0?ycosidas8 F ~ 4- ~ f 



PIG. SA 

B. 

Sid, LF Bee, LP 

BSA<6 M fi) || ^ BSA<8|»g) 

» t 0 7 S • # 

• # 1-0 » m 

11 l:l if 
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lg GAASTCC SACGSSAGAG 

ATG MA CTT GXC TTC CTC CTC CTS CIS IXC CTG GGG OCC C^C CCA CTf 

set lys Im val phe leu v»i leu U« phe leu gly ala lm gly le * 

88" 

TGT CTG OCT CCC COT ASS ASA AGS AST STT CAS TSS ISC ACC CIA TCC 

C >'J Xeu al * Sly arg arg arg arg sar *al gin trp cys thr val ser 
.14 

CM CCC OAS SCC ACA AM TGC TSC CM TOG CM ASS Ml ATG AG* -Vl* 

gla pro gl« ala the lys ays p&s gin trp gin arg asa fflet arg arg 



GTS CST CSC CCT CCT GTC AGS TGC ATA MS ACA SAC TCC CCC ATC CAG 

vsl arg gly pro pro val ser cy* lie Xys arg asp ser pto lis gin 

210 ' 

1ST m CAG CCC AIT S€G GM MC ASS GCC CAT CCT SSS ACS CTT t,y> 

or* 

2SS 



eg lis gin ala lie sk glu «sa arg ala asp ala val fchr l«u asp 



SST GOT TIC ATA TAC OAS CCA GGC CIO SCC CCC TAG AAA CTC CSA CCT 
giy gly phe lis tyr gla &U gly lea ala pro tyr lys lev: arg pro 



SI 
306 

GTA GCC GCG CM GTC TAC CSC ACC SM ASA CAS CCA OSA ACT SAC TAT 
VAX ale ala glu val tyr gly thr glu arg gl« pro arg thr his tyr 

354 

x c > SCI 3333 GTG MG MS SSC GGC ACC TTT CAS CTG AAC GAA 
tyr ala val ala val val lys lys gly gly ser pas. gla leu ase gl«. 

402*" 

CTG CAA GGT CTG MS TCC TGC CAC ACA GGC CTT CSC AGG ACC GCT GGA 
lea gla gly leu lys ear ays bis thr gly leu arg arg thr ala giy 
12 § 
450 

1GS AAI GTG CCT ATA COS ACA CTT CCT CCA ISC TTG Ml TGC ACS GGT 
trp «s;ti val pro lie gly thr leu arg pro pes leu asa ssp tar gL* 
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CCA CCT GAG CCC ATT GAG CCA GCI GTG CCC rvr TT r ^ .„„ 
pro P „ 8 1« rro lie 8 Iu ala a, ^ kU m ^ £ £ £ J£ 

TOT GTT CCC CSX CCA GAT MA CCA CAS TEC CCC MC en; ^ r-r 
cyj val P ,o gXy . U asp ^ gXy fU ?be ^ - - ; ;; WC CT. 

594 

XQT CCS GGG ACA CSC SM MS AM ^ GCC TIC KG TCC CAC GAA CO* 
eg ala w tar „ y glu „ B ly , c« ala pha « r Mt J ; 

642 

xac m acc t&c xcx cot sec ttc ms tct cxs asa gac sec sex so* 

*yr ph. «r ^ „ r gly ala ^ i78 cys ^ grg ^ * - ; 
690 

™ 2 21 2 tf S f ACA ^ m «* «c cxa XCA CAC 
ag vax a.a pite lie arg glu « thr val phe gl« as? Xeu s «r asp 

738*" 

CAS OCT CM AGO GAC SAC TAX SAC TTA CTC XGC CCA SAC AAC ACT CCC 
Slu ala gx« arg asp glu tyr glu lea Uu c n pro asp aSQ ,x, 

786 * 



J£ So Si Jf T f 4 1GC ? T CfG GCC ™ ™ TCX 
iys pro val aap ly S pha Xys asp cys Ma leu ala arg val pro aar 

834 

S S 5 f? «* OTO MI CSC MG SAC GAT SCO ATC TSS 
hia .la val val ala arg S ar val asm gly ly S gla «,? ak lis £r? 

AAT CTT CTC CCC CAC SCA CAS CM AAS TXT SS4 MS SAC AAC XCA CCC 
asa leu lea arg gin ala gin gin lys p«« gly ifs mp Xj9 mt ?ro 

TIC CAC CTC XXX CSC XCC SCt ACX SOS CAC AM GAT CXC CTC TIC 
phe gin i«n pha gly ser pro aar «ly gin lys asp leu ka pha 



273 
8S2 



289 
930 



iy S 
305 
9?8 

MG SAC TCX GCC ATT CCC TXT TCG ACC CTC CCC CCC ACC ATA CAT TCX 
lys asp 8 «r ala He giy ph& ms arg val P ra pro arg He asp sar 

GGG CXG TAC CTT GCC XCC SSC XAC TTC ACX CCC AXC CAC MC TSG ACC 
gly lau tyr leu gly se r gly tyr phe the ala ii« gla asa leu arg 
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AAA AG! .( SAG GAA ; : r CGf} c „, rr „ 
lys ser glu gl« gl« val aU arg arg ala 

1122"" 

GCG GTS GGC GAG CAG GAG CTG CGC AAG TGI 
ala val gly glu g ia glu leu arg lys cys ^ 



CAS ISC ACT GCC TIG 
glti fcrs sec giy *a*i 
117® 

ASC GM GGC AGG GIG ACC XQC fCC TCG GCC TCC ACC AC* GA" r«r 
mr gXu giy ser val thr c» v 

3SS r thr thr s?l« asp> cys 

AW GCC C$0 GIG CfS AAA 88A GaA OGT 84? Grr i-w 

s ,u ^ lea lys tfy sl0 £ s :s s ^ e 

GGA TAT GTG SAC ACT OCA CGC AAA TG? CCT HQ GTG CC* r» re* 
|ly tyr ml tyr thr *U gly lya cys gly £ £ £ £ £ £ 

1314 

GAG MC TAG MA TCC CAA CAA AGC AGX GAG CGT GAT CCI AAC TGI GTS 
glu «m tyt lys m« glu s l« ser ^ SiSp pw „ p pw ^ g ^ 

1362 

GAT AGA CCt CTG GAA OGA Sat Clf CCI GIG GCS GIG GTf A8G MS A TfA 
JSP arg ft* val glu gly m tm ala val ala val val arg arg aer 

GAG ACT AGG CXX ACC TGG AAC TCI GIG AAA GGG. AAG AAG TCC VQC CAG 
asp thr aar leu thr txp & m mx val ly$ g iy Xys Xys g * c C y 8 his 

1458 

^ - s ^ -~ CA AGG kC7. CCA GGC TCG AAT AXC CCC ATG GGC CTC CTC 
t&r ala val asp arg thr ala gly trp &sn lis pro ate giy lm lea 

rr - C^G ACC GGC TCC IGC AAA TTT GAT CAA TAT TIC ACT CM AGC 
|h* ass gla thr gly aar cys lya ph* asp gX« tyx phe s«r gla ser 

1554 ' 

TGI GCC GCI CGC TCT GAC CCG AGA TGT AAT CTC TGT GCT CTG TGI ATT 
cya ala pro gly ser «sp pro arg sat as» l«a cys ala leu cys 11a 



GCC C^C G , 

gly asp glu gits gXy gl« astx Xys cys val pro asa sar *«& gl« arg 

529 
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593 
1842 



1650 

TAC TAG GGC TAC ACT GOO OCT TXC CGG TCC CFG GCT G«G &AT GCX : • 
tyr tyr gly tyr «* giy ph. «* ey S Uu &U gl, at S 
1698 

SAC GXX OCA ITT GXG AAA CAT STC ACT GXC IXO CAS AAC ^ C*T GO* 
a,, val a« ph. val ly S aS p ,al thr val U» , 

1746 

AAT AAC AAT GAG GCA XGG GCX AAG OAX TXG AAG CXG SCA GAG TTT OC* 
J£ &S * ** n &U l« ly. Uu ala I < 

i?94 

GIG CTG XGC CTC GAT GGC AAA CGG AAG CGI GXG ACT GAG GCT AGA ACr 
Jju to cy, le* „ p S ly lys arg l„ pro val thr gl« £ at t£ 

i!:; ;/; ; n G f Af ? «* «* *** ™* <™ «» ^ xcx cgg axs gax 

g| his leu ala «ee ala pro « aa Ms »U val ™i 8 * r « g ffiet a 8 p 
1890 * 

MG GIG GAA CGC CXG AM GAG GIG CIO CIS CAC CAA GAG GCT MA I*T 
lg ya* gl« arg 1,« Xya ^ val U. i*« his gla gj* ala iys P J« 
1938 

GGG AGA AAT GGA XCT GAG fGC GCG GAG MS XIX TGC XIA IXC CAG XCX 
|ly srg a«n g^y sar asp cys pro ««p l JS pha cys U« ph.. gla s« 

0*A AGC AAA AAG CXT CXG TXC AAX GAG AAC ACT GAG TGI CXG GCC AGA 
|X« thz iy« aan 1«« Xeu phe as* »p a«* thr glu cjb JUui ala 
2034 

CXG CAT GGC AAA AGA AGA TAX GAA AM TAX TTG GGA GCA GAG TAX GXG 
leu hU gly iya thr thr tyr gi„ lya tyr lau gly pro gla ty: val 
2082 

GGA GGC ATT ACT AAT CXG AAA AAG TGC TCA ACC TCC CGG GXG CXG GAA 
giy He thr *m Xe« ly S X ys cys ^ thr S8r ?r£5 ^ lsu ^ 

2130 

GCC XGX GAA TXC CTC AGS AAS XAA 

aia eys gla ph« leu arg Xys *** ACC&U GMGAXGGGC CAGCXCCCCA 
2XS0 

AGAAAGCCXC AGCCAXXCAC XGCCCCCAGG TCTTCXGCCC AGCXGXGTIG CGGCCXXGGC 
224D 

XCCCCXGCXG AAGGXGGGGA XXGGCCATCC ATCXOCTTAC AAXXCCCXCC TGXCGXCXXa 
2300 

ggaagaagta aaatgasaaa xxxtsxxcaa aaaaaaaaaa 
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